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Introduction
In this paper, we consider the following differential differential equation: . Theory related to eq. (1) is fully given in [1] . One may say that the only case to solve eq. (1) explicitly for all λ is the case ( ) 0 q x = where the solutions are oscillating. In fact, this is not correct. There are indeed some examples which are not reported yet. One such example is: whose solutions involve Legendre functions. For similar problems and results, see [1] [2] [3] [4] [5] [6] [7] [8] .
Schrodinger equation predicting the future behavior of a dynamic system is used in physics describing quantum mechanical behavior such as thermal conduction, most of chemistry dealing with problems about the atomic structure of matter and wave mechanics giving us information about the particle's behavior in time and space, etc. [9] [10] [11] [12] .
It is important to mention that why we study the problem in the subject line above. The solutions are oscillating when the energy of the particle is greater than the energy of the potential. Those regions are regions where a classical particle can exist. 
Preliminaries
To get the expansion of an arbitrary function f(x) in terms of eigenfunctions one finally needs to know the following definitions and lemmas taken from [1, 3] . If ( , ) x θ λ and ( , )
x φ λ are the solutions of eq (1), with α is real, and satisfying:
It is also well-known that the general solution of eq (1) is:
The definiton of the non-decreasing spectrum function, for all real λ , is given:
For suitable class of functions on (0, ) ∞ , one has: −∞ ∞ one has the following expansion:
m λ = has poles, then the expansion of ( ) f x has extra terms as in eq. (4).
Main results
We deal with the solution of eq. (2) which is given by, with
where simple closed curve C is only including the point z x = and exluding the other zeros of sinh sinh z x − . Theorem 1. The eq. (7) solves the eq. (2). Proof.
But also, employing integration by parts twice: Comparing eqs. (8) and (9), we see that: Proof. The proof is the same as Theorem 1. Hence, it is excluded.
Explicit solutions and eigenvalues obtained by evaluating residues
We now require the residues of eqs. (7) and (10) . The Taylor expansion around the point z x = for numerator and denominator separately, one gets:
Getting the coefficient of
in the previous expansion, so the residue at z x = is: ( 1 1 ( 1)
keep doing this argument: Now, one needs to find ( ) k λ . To obtain the expected result, we need to get the asymptotics of solutions given in eq. (11) 
